Our Galaxy is known to contain a central boxy/peanut-shaped bulge, yet the importance of a classical, pressure-supported component within the central part of the Milky Way is still being debated. It should be most visible at low metallicity, a regime that has not yet been studied in detail. Using metallicity-sensitive narrow-band photometry, the Pristine Inner Galaxy Survey (PIGS) has collected a large sample of metal-poor ([Fe/H] < −1.0) stars in the inner Galaxy to address this open question. We use PIGS to trace the metal-poor inner Galaxy kinematics as function of metallicity for the first time. We find that the rotational signal decreases with decreasing [Fe/H], until it becomes negligible for the most metal-poor stars. Additionally, the velocity dispersion increases with decreasing metallicity for −3.0 < [Fe/H] < −0.5, with a gradient of −44 ± 4 km s −1 dex −1 . These observations may signal a transition between Galactic components of different metallicities and kinematics, a different mapping onto the boxy/peanut-shaped bulge for former disk stars of different metallicities and/or the secular dynamical and gravitational influence of the bar on the pressure-supported component. Our results provide strong constraints on models that attempt to explain the properties of the inner Galaxy.
INTRODUCTION
The central few kiloparsecs of the Milky Way are a unique place for Galactic studies as there multiple Galactic components overlap with each other. Most of the mass appears to be in a rotation supported boxy/peanut-shaped bulge that rotates like a solid body, indicative of a bar origin (Howard et al. 2009; Ness et al. 2013b ). In recent years, a debate has been ongoing about the importance of an additional classical, pressure-supported component in the bulge (Zoccali et al. 2008; Babusiaux et al. 2010; Kunder et al. 2016 ). If present, it can only be a small percentage of the mass of the bulge, as constrained by the line-of-sight velocity profiles (Shen et al. 2010; Ness et al. 2013b ). However, these profiles are mainly based on metal-rich stars. At lower metallicity the pressure-supported component may be expected to play a larger role. Additionally, the halo continues down into the central regions of our Galaxy and contributes to the metalpoor inner Galaxy.
Most bulge studies have been based on samples with stars of fairly high metallicity ([Fe/H] > −0.5), since such stars are the most abundant. They already found that subsolar metallicity stars are more spherically distributed than super-solar metallicity stars (e.g. Zoccali et al. 2017) , although they show the same amount of rotation (Ness et al. 2013b) . The few studies focussing on metal-poor stars in the inner Galaxy used RR Lyrae stars, a population with mean [Fe/H] = −1.0 and age > 11 Gyr (Dékány et al. 2013; Kunder et al. 2016) . They find that these stars are more spherically distributed than the metal-rich stars and rotate only slightly (if at all). The ARGOS red clump bulge survey contains only 4.4 per cent (522 stars) with [Fe/H] < −1.0 and 0.7 per cent (84 stars) with [Fe/H] < −1.5 (Ness et al. 2013a) , not sufficient to study this population in detail.
What is missing from the literature is a comprehensive study of the behaviour of the (very) metal-poor tail of the inner Galaxy. In this Letter we present for the first time the kinematics as a function of metallicity for a large sample of metal-poor stars (mainly [Fe/H] < −1.0) from the Pristine Inner Galaxy Survey (PIGS, Arentsen et al. in prep.) .
DATA
Since metal-poor stars in the Galactic bulge are extremely rare, targeted selection is necessary to obtain a large sample of them. PIGS is a sub-survey of the Pristine survey (Starkenburg et al. 2017) , which uses a narrow-band CaHK filter for MegaCam on the 3.6m Canada-France-Hawaii Telescope (CFHT) to photometrically search for the most metal-poor stars. The CaHK photometry is highly sensitive to metallicity for FGK stars. Candidate metal-poor stars selected from this photometry are followed up using the AAOmega+2dF multi-fibre spectrograph on the 3.9m Anglo-Australian Telescope (AAT) in low/intermediate resolution, which has 400 fibres in a two-degree field of view.
For the selection, we combine our CaHK photometry with Gaia DR2 broadband BP, RP and G photometry (Gaia Collaboration et al. 2016 Collaboration et al. , 2018 , or in some later fields with Pan-STARRS1 DR1 g and r photometry (Chambers et al. 2016) . We checked that there are no strong systematic effects between the two selections that affect the results of this Letter. We deredden the photometry using the 3D extinction map of Green et al. (2015 Green et al. ( , 2018 , assuming a distance of 8 kpc. To probe giants in the bulge region we select stars with 13.5 < G 0 < 16.5 (Gaia) or 14.0 < g 0 < 17.0 (Pan-STARRS), excluding those that have Gaia (parallax − parallax error) > 0.25 mas to avoid stars closer to us than ∼4 kpc. We do not make any cuts based on the proper motions. The top panel of Fig. 1 shows the location of spectroscopically followed-up metal-poor candidates in a colour-colour diagram. We select stars moving down from the top of the diagram, until there are enough targets to fill all 2dF fibres.
The spectroscopic observations were performed in August 2017, June 2018, August 2018 and April 2019 with the 580V and 1700D gratings. The blue spectra cover a wavelength range of 3800-5800Å at a resolution R∼1300, the red spectra cover the calcium triplet (CaT) with a wavelength range of 8350-8850Å at a resolution R∼10 000. Total exposure times were generally two hours, with sub-exposures of 30 minutes, to reach a minimum signal to noise ratio (SNR) of 20 for the faintest stars. The data were reduced and combined using the AAT 2dfdr pipeline 1 (v. 6.46) with the standard settings. The spatial coverage of the sample used in this work is shown in the bottom panel of Fig. 1 . The PIGS footprint only reaches a declination of −30 • since the CaHK photometry is obtained from the Northern hemisphere.
We used the fxcor package in IRAF 2 to determine lineof-sight velocities from the CaT spectra. As templates we use synthetic spectra created using the MARCS (Model Atmospheres in Radiative and Convective Scheme) stellar at-0.50 0.75 1.00 1.25 1.50 mospheres and the Turbospectrum spectral synthesis code (Alvarez & Plez 1998; Gustafsson et al. 2008; Plez 2008) . We first derive velocities using a fixed template, then derive stellar parameters with the zero-shifted spectra, and finally rederive velocities using templates with stellar parameters close to those of each star, in the following grid: T eff = [5000, 5500] K, log g = 2.5 and Schönrich et al. (2010) and circular velocity at the solar radius from Bovy (2015) .
To determine stellar parameters T eff , log g and [Fe/H] from the blue spectra, we use the full-spectrum fitting University of Lyon Spectroscopic Software (ULySS, Koleva et al. 2009 ). We use the well-tested model interpolator created from the empirical MILES library (Prugniel et al. 2011; Sharma et al. 2016 ), which has for example been used to determine stellar parameters for the X-shooter Spectral Library (Arentsen et al. 2019 ). This interpolator is calibrated down to [Fe/H] = −2.8, which is perfect for the sample in this work. For more details on the stellar parameter determina- Figure 2 . Top: T eff -log g diagram colour-coded by [Fe/H], for the sample making our quality cuts. The the log g cuts are indicated in grey, and the box containing HB stars is shown in red (see Appendix B). Bottom: Metallicity distribution of our full sample in grey, with the 4200 stars that have 1.8 < log g < 3.2 highlighted in blue (giants) and green (HB stars). The lower [Fe/H] limit of the interpolator is −2.8, causing an apparent excess of stars there.
tion, see Appendix A. Typical uncertainties on T eff , log g and [Fe/H] are 120 K, 0.35 dex and 0.2 dex, respectively.
The T eff -log g diagram of the sample passing our quality criteria is shown in the top panel of Fig. 2 . In this Letter, we only consider stars with 1.8 < log g < 3.2 (black dotted lines), to constrain the sample to stars likely in the bulge volume. This log g range is the same as that used in Ness et al. (2013a) for red clump stars. This cut removes a significant number of the (very) metal-poor stars, since many of those have low surface gravities and may be located further into the halo on the far side of the bulge. For a discussion on the distances of our sample stars, see Appendix C. Furthermore, the region where the horizontal branch (HB) stars are located is highlighted in red (see Appendix B for more details on the selection and metallicities of the HB stars).
The metallicity distribution of all stars is shown in the bottom panel of Fig. 2 . At the low-[Fe/H] end there is an excess of stars at the limit of the interpolator; several of these may be even more metal-poor than [Fe/H] = −2.8. There are two peaks in the distribution, which can be attributed to two different types of stars: the HB stars and the normal giants. The more metal-rich peak around [Fe/H] ∼ −1.1 is that of the HB stars. Although the exact metallicities for the HB stars are somewhat uncertain, they are clearly distinct from the normal giants. The second peak at [Fe/H] = −1.6 is that of the normal giants in the sample and illustrates the success of PIGS in selecting this rare metal-poor population. The overall shape of the metallicity distribution is the result of our specific photometric selection and does not necessarily represent the metallicity distribution function of the underlying population.
RESULTS
We use our sample to study the kinematics in the inner Galaxy at different metallicities. We investigate the rotation curve and the velocity dispersion as a function of metallicity.
We present the mean line-of-sight velocity as a function of the Galactic longitude in Fig. 3 , with the metallicity decreasing from the left to the right panels. The top row combines all latitudes per longitude bin, the second row shows each AAT field individually, colour-coded by latitude. The dashed lines in these rows are the rotation curves from Shen et al. (2010) , who modelled a purely barred bulge which fits the BRAVA data (Howard et al. 2008 (Howard et al. , 2009 ). In the bottom row of the figure we present the corresponding velocity dispersions for both the data and the bar model. The motions of stars in the most metal-rich bin (−1.0 < [Fe/H] < −0.5) appear quite consistent with the bar models. The more metal-poor stars also show signatures of rotation, but the mean velocity is smaller and decreases with decreasing metallicity until it disappears completely for the most metal-poor stars ([Fe/H] < −2.0).
The rotation of metal-poor stars in the inner Galaxy has previously been seen in the ARGOS data (Ness et al. 2013b) , although their sample of metal-poor stars is small and has only one bin ([Fe/H] < −1.0). They find line-ofsight velocities of 20-40 km s −1 at |l | = 10 • , consistent with what we find in our −1.5 < [Fe/H] < −1.0 bin. Additionally, Kunder et al. (2016) showed that the RR Lyrae stars in the inner Galaxy may be rotating slowly, although their sample only contains stars with |l | < 4 • so they cannot trace the rotation beyond this. We clearly see for the first time how the rotation changes, and then disappears, as a function of metallicity in the metal-poor tail of the inner Galaxy.
Additionally, it is striking how strongly the velocity dispersion increases with decreasing metallicity. The behaviour of the velocity dispersion as a function of [Fe/H] is shown in more detail in Fig. 4 . Here we excluded the HB stars, since their metallicity is less well-determined. The increase in velocity dispersion with decreasing [Fe/H] appears gradual. The lower dispersions in the range −10 • < l < −5 • with [Fe/H] < −2.3 could be an indication of substructure, but the sample is small. A linear fit to the average velocity dispersions provides a gradient of −44 ± 4 km s −1 dex −1 . Kunder et al. (2016) have previously shown that for inner Galaxy RR Lyrae stars the velocity dispersion increases with decreasing metallicity. Their results have been overplotted in the right panel of Fig. 4 and they generally agree with our findings, although their dispersions appear slightly higher. Ness et al. (2013b) 
DISCUSSION
With our large PIGS sample of metal-poor inner Galaxy stars, we can trace for the first time their rotation and velocity dispersion as a function of the metallicity for −3.0 < [Fe/H] < −0.5. We find that the metal-poor stars show a signature of rotation, which decreases in magnitude with decreasing [Fe/H], until it disappears for the most metal-poor stars. The line-of-sight velocity dispersion is continuously increasing with decreasing metallicity. What is the interpre- The (asymmetric) error bars are σ 2 (N − 1)/χ 2 ± , with χ ± determined for a 68% confidence interval and N − 1 degrees of freedom. tation of the behaviour of these metal-poor inner Galaxy stars? We present a number of possible scenarios. Firstly, we note that our sample is not completely free of selection effects. Metal-poor stars are generally brighter and thus we may preferentially select stars that are further away at lower metallicity (and therefore less dominated by "the bulge"). Although we have tried to mitigate this effect through our selection of stars based on surface gravity, a small effect is potentially still present.
If we take our results at face value, a possible explanation is a smooth transition of how much each of the Galactic components (with fixed velocity dispersions) contributes at a certain metallicity. In this case there is a change from being dominated by a rotation-supported population of a bar or disc at higher metallicities ([Fe/H] > −1.0, Ness et al. 2013b) to being fully dominated by the pressure-supported compo-nent like the halo or classical bulge at the lowest metallicities ([Fe/H] < −2.0). Additionally, the stars in our sample are not necessarily confined to the bulge. At the lowest metallicities the fraction of stars that have large apocentres, and therefore only pass through the bulge, may increase. A transition between components can naturally explain an increase in velocity dispersion and a decreasing rotational signal with decreasing metallicity. This scenario would also work if the pressure-supported component itself does not rotate at all.
It has been shown that in the solar neighbourhood the thick disc has a metal-poor tail with [Fe/H] < −1.5 (Kordopatis et al. 2013b), possibly extending all the way down to [Fe/H] < −4.0, (Sestito et al. 2019) . If this tail is also present in the inner Galaxy, these stars could contribute to the rotational signal that we see in Fig. 4 . Kordopatis et al. (2013b) estimate that in the solar neighbourhood, the fractions of stars with [Fe/H] < −1.5 belonging to the thick disc or the halo are equal (selecting stars with 1 < |Z/kpc| < 2 from DR4 of the RAVE survey, Kordopatis et al. 2013a ). If we make the simple assumption that this fraction is the same in the inner Galaxy and we combine this with a halo/thick disc mass fraction of 0.10 locally (Kordopatis et al. 2013b) and 0.15 in the inner Galaxy (as derived by Schiavon et al. 2017 based on the Besançon model within a height of 4 kpc and R GC = 2 kpc, from Robin et al. 2012 Robin et al. , 2014 , we estimate that the halo has ∼ 1.5 times more stars in this region than the thick disc for [Fe/H] < −1.5. Many assumptions are made here, but this argument shows that at these metallicities the densities of the halo and thick disc only differ by a factor of a few. At higher (lower) [Fe/H], the thick disc (halo) contribution will dominate over the other.
Alternatively, stars of all [Fe/H] could originate from the disc without an additional halo component, where stars have been mapped into the boxy/peanut bulge in different ways because of their different velocity distributions at the time of the bar formation (e.g. Di Matteo 2016; Debattista et al. 2017 ). This fits with a continuous increase in velocity dispersion all the way from [Fe/H] = +0.5 down to [Fe/H] = −3.0 (where this is almost like an age-[Fe/H] relation).
Additionally, a present pressure-supported component can itself be rotating. This can be original rotation from the collapse of a slightly rotating cloud for an in-situ classical bulge/halo, or alternatively stars in the spheroidal component could have been spun up and/or caught by the bar. The strong dynamical and gravitational effects of the bar should secularly affect all populations in the inner Galaxy (Saha et al. 2012; Saha 2015) . Recently, Pérez-Villegas et al. (2017) used N-body simulations to study the influence of the bar and boxy/peanut bulge on the central part of the halo. They find that due to angular momentum transfer, an initially non-rotating halo starts rotating with line-ofsight velocity signatures of ∼15-25 km s −1 for |l | > 5 • with a velocity dispersion of ∼120 km s −1 . They also find that a small fraction of the stars (∼12 per cent) are moving on bar-following orbits at the end of their simulation. The exact values of these numbers depend on the model details, but it shows that there can be some rotation in the halo component which is (much) slower than that of the bar. In order for this scenario to explain our metallicity-dependent results, the velocity dispersions for more metal-poor stars had to have been already (much) higher to begin with.
To further disentangle this complex region of our Galaxy, and e.g. to distinguish between an accreted and insitu pressure-supported component, additional information is needed. Better distances (e.g. using a combination of parallaxes, spectroscopy and photometry with the StarHorse code, Santiago et al. 2016; Queiroz et al. 2018 ) are necessary to derive detailed dynamical properties. Additionally, high-resolution spectroscopic follow-up is necessary to get detailed chemistry of stars, which contains important information not present in metallicities and kinematics alone. the ESO conference "The Galactic Bulge at the crossroads" in Pucón, Chile, in December 2018, where the idea of this Letter was conceived.
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APPENDIX A: ANALYSIS OF THE SPECTRA
To determine stellar atmospheric parameters, we use the ULySS code (Koleva et al. 2009 ) with the empirical MILES spectral library interpolator (Prugniel et al. 2011; Sharma et al. 2016) . One advantage of using an empirical reference grid of stellar spectra in the determination of stellar atmospheric parameters, is that the grid only contains spectra with existing combinations of T eff , log g and [Fe/H], and therefore one only obtains physically sensible solutions. This especially an advantage at low resolution, where the sensitivity to log g is small. An extensive description of our analysis will be published in the PIGS II paper (Arentsen et al. in prep.) , but some relevant details are summarised here.
We use only the blue arm in the fit, because the maximum wavelength in the MILES library is 7400Å. In the future, we will explore the possibility of fitting together the blue and the red arm with a different reference library. The spectra are corrected for their radial velocities, but they are not continuum-normalised, before feeding them into ULySS. Inside ULySS, the continuum, stellar parameters, line broadening, and residual velocities are fitted simultaneously. In the fit, we mask the CH-band around 4300Å, since [C/Fe] varies widely at low [Fe/H] (e.g. Beers & Christlieb 2005 , and references therein). Additionally, ULySS iteratively clips regions from the fit that are large outliers, excluding e.g. dead pixels and other unphysical features in the spectra.
We select stars with good fits on the basis of a set of (empirically determined) quality criteria. These are the following:
• SNR 4000−4100 > 7, to keep only spectra that have large enough signal-to-noise-ratio (SNR) between 4000-4100Å,
• signal-to-residual ratio (SRR) > 15, to exclude peculiar stars that have bad fits even though they have a good SNR,
• σ < 150 km s −1 , to exclude stars that were fit with a high line broadening in ULySS, which usually indicates a bad fit,
• fraction of pixels clipped-out in the fit between 4600 − 4800Å < 10% and between 5000 − 5200Å also < 10%, this cuts out stars with very large carbon features in these wavelength regions. Carbon is not included as a variable in the model spectra which therefore results in bad fits for very carbon-rich stars,
• T eff > 4200 K, because we found that the fits below this temperature are badly fitted.
These quality cuts remove 10% of the spectra. External tests of the stellar atmospheric parameters show that the systematic uncertainties with our method at the given resolution are of the order of 120 K, 0.35 dex and 0.2 dex for T eff , log g and [Fe/H], respectively. Tests with repeated observations show that the statistical uncertainties for stars with SNR 4000−4100 < 7 are larger than this, therefore we take this as our lower limit in SNR. Details of the tests will be described in the PIGS II paper. The mean SNR 4000−4100 of the full sample is 25. For the spectra passing the defined quality criteria, the SNR in the CaT is larger than 10, with a mean of 60.
Example fits for three stars of different metallicities are shown in Fig. A1 . Each of these spectra has SNR 4000−4100 ≈ 25.
APPENDIX B: HORIZONTAL BRANCH STARS
A striking feature in the T eff -log g diagram (top panel of Fig. 2 in the main paper) is that of the horizontal branch (HB) stars. HB stars are helium-burning stars like red clump stars, but at lower metallicity. They are located at hotter temperatures compared to normal giants of the same metallicity. They enter our selection box on the blue side of the red giant branch (see the top panel of Fig. 1 in the main paper between 0.7 < (BP − RP) 0 < 1.0).
The HB stars end up in a narrow range of metallicity around −1.1. Additionally the HB is not as horizontal in the T eff -log g diagram as it should be. Both of these effects may (partly) be artefacts of the reference library. We used the MILES library (Sánchez-Blázquez et al. 2006; Falcón-Barroso et al. 2011) , which contains only a small number of stars at T eff -log g combinations of HB stars, that, compounding the problem, only possess these metallicities. However, preliminary tests with synthetic spectra appear to converge on metallicities similar to those from ULySS. Additionally, the ULySS fits do look reasonable, see Fig. B1 for two examples. We therefore assume that the metallicities are good enough to separate the stars in bins of 0.5 dex as in Fig. 3 of the main paper, but we exclude them from our analysis in main paper Fig. 4 , which is divided in bins of 0.25 dex.
We check that when we do include them, the results do not change significantly: another indication that the metallicities are reasonable.
To separate the HB stars from normal giants, we first draw a rough box in T eff -log g space where HB stars are located. This region also contains some normal giants, but at these temperatures they are at lower [Fe/H] than the HB stars. Therefore we choose to split the two samples within this boxed region by [Fe/H]. From the metallicity distribution in Fig. 2 of the main paper, we deduce that the [Fe/H] cut should be between [Fe/H] = −1.1 and −1.7 (the two peaks). We assume that the two types of stars should have roughly Gaussian distributions in [Fe/H] around their mean, with some tails. The best result is obtained when using a cut at [Fe/H] = −1.4.
To refine the exact HB selection box further, we take the stars with −1.4 < [Fe/H] < −0.5 to determine what T efflog g combination results in the most natural split between normal and HB stars, see Fig. B2 . The red line runs through the valley between the HB stars and the giants, and has been set to be oriented along the giant branch. The functional form of this line is log g = T eff /480 − 8.1, which we use as the limit of our HB selection box. CaT spectrum CaT spectrum Figure B1 . Same as Fig. A1 , but for two HB stars, with slightly different temperatures and metallicities. ..
..
APPENDIX C: DISTANCES TO OUR SAMPLE STARS
To determine whether the stars in this sample are truly "in the bulge" (e.g. with R GC < 3.5 kpc, as in Ness et al. 2013b ), distances are needed. However, good distances to the stars in our sample are difficult to determine. Gaia DR2 (Gaia Collaboration et al. 2018 ) parallaxes by themselves are not good enough to estimate precise distances to sources further away than ∼4-5 kpc and our uncertainties on log g translate into large spectroscopic distance uncertainties.
Since HB stars are standard candles, we can derive distances for this subset of stars from the photometry. We use the following HB absolute magnitude relation from Chen et al. (2009) for the SDSS i-band 3 :
with the age given in Gyr. We assume an age of 10 Gyr and the [Fe/H] from ULySS. We convert the absolute magnitude to distance using the distance-magnitude relation:
We derive distance uncertainties of ∼0.8 kpc (≈ 10 per cent) by quadratically adding results from a 0.2 mag uncertainty in the i-band (estimated to cover the uncertainty on the extinction correction and the scatter in the relation) and a 2 Gyr uncertainty in age. The dependence on metallicity is almost negligible. The resulting distance distribution is shown in magenta in the top right panel of Fig. C1 , with an average of 7.7 kpc and a Gaussian width of 1.5 kpc, they lie perfectly in the bulge region.
We compare our standard candle HB distances with distances from the Gaia DR2 Bailer-Jones et al. (2018, hereafter BJ18) distance catalogue, which is based on parallaxes only in combination with a density prior. We remove stars which have ruwe > 1.4. The histograms of BJ18 distances for both the HB stars and the giants are shown in the top right panel of Fig. C1 , and the individual HB stars in the top left panel. It is clear that the BJ18 distances are generally too small and that their average uncertainties are much larger ( +2.9 −1.8 kpc). These distances should not be used for stars towards/in the bulge. The BJ18 distributions of the giants and HB stars look similar, indicating that these samples either occupy the same distance range, and/or are too dominated by the assumed density prior.
There is still some relative information present in the distributions. We see an effect with metallicity as shown in the bottom panel of Fig. C1 . The stars in the two most metal-rich bins have smaller BJ18 distances, consistent with them being part of the bar which is pointing towards us in this part of the sky. The most metal-poor stars with [Fe/H] < −2.0 may have a more pronounced tail towards larger distances.
In a future work we will derive better individual distances, combining parallax information with spectroscopy and photometry. By themselves each of these methods have their problems and challenges (too far away for good parallax information, too large uncertainties on log g and/or 3 We convert the Pan-STARRS i-band magnitude to the SDSS photometric system using the relation from Tonry et al. (2012) . Bottom: kernel density estimate BJ18 distance distributions for the giants in different metallicity ranges, and for the HB stars. extinction for good photometric or spectroscopic distances), but together they can break the degeneracies. This paper has been typeset from a T E X/L A T E X file prepared by the author.
